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© High efficiency light-emitting diode. 

© A transparent light-emitting diode has front (14) and back (12) parallel faces and a plurality of side faces m» 

perpend.cuiar to the back face. Diagonal faces (13) interconnect each side face (11) Im Z fro* 

STilT d PB>n Sr l . L Pyraniid surmounti "9 * P 01 ^ base of the light-emitting diode. B^somi of 

S tan^T?! T " d,agon l f', f !f eS ° 3) * a " 9,e ,SSS than the a "9 ,e *» total intemaTreflecfion 

(flc). from 1.5 to 2 femes as much light is extracted from the LED as a conventional rectangular LED without the 
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non-escape directions Into the escape cones. Some light within the escape cones may be internally 
reflected from a roughened surface. Further, the randomizing of the light directions requires many 
reflections and because of the non-negligible level of absorption, the long light path within the LED results 
in only a modest increase in extraction efficiency. 

Taken to its ultimate or optimal configuration for light extraction, a LED would have a surface of a 
hemisphere so that light from a small p-n junction in its center is normal to the surface regardless of the ray 
direction. Such hemispherical LEDs have been built and are highly efficient, but extremely high in price 
because of the complex processing required. Some of such prior hemispherical LEDs were made by 
temporarily connecting two LEDs together base-to-base, then tumbling them in a rotating polishing mill until 
spherical. Alternatively, some of the prior hemispherical LEDs were made by attaching the LED chip to a 
dop and polishing much as one would polish a lens. The cost of LEDs made by such techniques is 
prohibitive for most applications. 

It is. therefore, desirable to provide means for improving the efficiency of light extraction from an LED It 
is also desirable that the technique be one easily implemented in manufacturing operations for LEDs 
75 without significantly decreasing the yield of LED chips from a wafer of semiconductor. 

Brief Summary of the Invention 
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so There is. therefore, provided in practice of this Invention according to a presently preferred embodiment 
a transparent light-emitting diode formed of a body of semiconductor material having a flat back face A 
plurality of side faces extend perpendicular to the back face. These are surmounted by a plurality of 
diagonal faces with the number of diagonal faces being the same as the number of side faces The 
resulting pyramid is truncated by a front face parallel to the back face. Electrical contacts are made with the 

ss back and front faces and a p-n junction within the semiconductor body emits light. 

Such an LED may have essentially twelve escape cones, and internal reflections of light which does not 
escape in the first pass has a reasonable probability of being reflected into an escape cone. This provides 
an improvement in extraction efficiency of up to twice the light from a conventional LED 
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Brief Description of the Drawings 



These and other features and advantages of the present invention will be appreciated as the same 
becomes better understood by reference to the following detailed description of a presently preferred 
as embodiment wherein: 

FIG. 1 Is an exemplary transverse cross section of a light-emitting diode constructed according to 
pnnciples of this invention; a 

FIG. 2 illustrates in transverse cross section a technique for cutting a semiconductor wafer for forming a 
plurality of light-emitting diodes; 

40 ? !f 3 fra 9 mentar y P |an view of one *ee of a wafer from which light emitting diodes are cut; and 

FIG. 4 illustrates in transverse cross section another embodiment of light-emitting diode. 

Detailed Description 

A fight-emitting diode (LED) is in the form of a body 10 of semiconductor material such as gallium 
arsenide gallium phosphide. GaAs,^P y or the like, in practice of this invention the LED has a rectangular 
base with four side faces 11 perpendicular to the back face 12 of the LED. In a typical embodiment the 
base .s square. The base is surmounted by a truncated rectangular pyramid having four diagonal faces 13 
and a front face 14 parallel to the back face. A portion of the front face has a layer of metal 16 such as 
aluminum or a gold-germanium alloy for making electrical contact to the LED 

Electrical contact is made to the bottom of the LED by way of a metal layer 17 such as a gold beryllium 
alloy. Most of the back contact 17 is insulated from the body of semiconductor by an intervening dielectric 
sll.ca layer 18. The back metal layer makes electrical contact through an aperture in the silica layer to a 
layer 19 of p-type material in the body of semiconductor which is primarily n-type material Ught is emitted 
from the resulting p-n junction and is transmitted through the semiconductor material which is transparent to 
the emitted wave length. 

For purposes of description of the improved extraction efficiency, it is assumed that light is emitted 
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JifwZ ? 1 S3W I 9ned W ' th the b0tt ° m ° f the 0roove to cut the ba,ance of distance through 

f,!, * f a ^ h8r a,terna,,ve the ,ace of th * «*"9 saw may be dressed so that the V-shaped groove 
and the paralleled cut through the balance of the wafer are made In a single pass of the dicing saw 

s zj:«:vlz surfaces are etahed for removina *° ^ absor ^ — ^ 

H ia nl!n7f be **** ° teavln 9 P™ d "«* side faces 11 of the LEDs which are substantially specular. The 
d agonal faces are sl.ghtly roughened due to the diamond particles in the dicing saw. The side faces are 
also shghtly roughened when the LEDs are separated from each other by sawing. The result i rZ 
specular reflector , of light from such faces slightly enhances efficiency of light extraction from the LED 
than^t^r ^ with M bev «'ed edges hereinabove described is a better approximation of a hemisphere 
tZZLZZZ 9 P r" 9 ' eP ' Ped ° f 3 conventiona ' ^D. A still better approximation of a hemispherical 
external shape ,s prov.ded by a sawing pattern as illustrated in FIG. 3 which is a plan view of a fragmen o 

IT, A? » ? °L V " ShaP . 6C ^. 9r °° VeS CUt the fr ° nt SUrfaCe f0r "P— ^ individua " LEDs torn each 
otter As illustrated ,n tti.s embodiment, each LED has a hexagonal front face 114 and six diagonal faces 
113 adjacent six side faces 111 of the LED. The diagonal faces on the several LEDs on the wafe/Se 
defined by sawing , . plurality of V-shaped grooves 125 at 60* from each other in the front face of £Z£ 
The indlv.dual LEDs may then be separated from each other by cleaving from the bottom of the 
KIT ° • y 9 3 diCi " 9 S3W CUt ClBar thr ° U 9 h *« wafer 38 hereinabove described T^e laier 

SSKT ' S P VZ- S ' nC f *• CrySt3 ' StmCtUre ° f the semicondu *°r does not lend itself to cTyltaMot 

2£ ?5!T ♦ !«, a r 9 K ^ thare iS n ° Pr ° b,em in removln 9 016 Wa ^ u,ar scra P* ^t-een adjacent 
LEDs. n : win be noted that because of such scraps the yield of hexagonal LEDs from a wafer is two-thirds of 

*L Y «11 rG TT T ^ ^ 6nhanCed ,i9ht eXtraCti ° n effiCienC y thraudh ^es as compared 

with eight faces In the rectangular embodiment may offset the added cost due to decreased yield 

FIG. 4 '"ustrates in transverse cross section another embodiment of LED for high efficiency Hoht 

side "fr* th ° WeVa :' '"J" 3 * ° nB ° f the diag ° nal faCeS 2133 is at a different "fl* *»" its adScent 

side face 211 than the angle between the opposite side face 213b and its adjacent side face. A simila 
asymme ry is provided for the other two diagonal faces not illustrated in the drawing. As a result TtiZ 
asymmetry, the front face 214 is shifted diagonally toward one corner of the LED 

The angular difference between the opposite faces is only a few degrees so that there is little 

9 « fT"*? efflCienCy dUe t0 m exit m ° f ■*» LlnaCat Ze off of I 
t UbStant,a! de 9 radation mav be "voided by choice of dimensions of me side faces and 
diagonal faces. However, extraction efficiency of light internally reflected within the LED is enhanced^ to 
the asymmetncal reflections from the diagonal faces. "-"^a aue to 

Such an embodiment with asymmetrical beveling is easily made by the technique described 

■sz^tsi^cir face " d,cing saw ™ the desired ™ ~ 

5 „v,^v h °K 9h 'r^. emb ° diments of "'9ht-emitting diode constmcted according to principles of this 
^ Tt?^ i,,UStrated h9rein ' many "Nations and nations will be apparent to 

Tack face of mf L ^ T*' \ T^J? ''^^ embodiments * he *«*» is quite near he 
back face of the LED. It may be des,rable to employ a LED where the p-n junction is an appreciable 

1\T 5* S ^ 3 " ""»•«*""* it is preferable that the height of theTide faces 
should subtend an angle above the center of the junction in the order of the critical angle for total Internal 

mlvlTihl h *f VT " 9ht ^ 6Xit COTO iS above the P ,ane of the *»«*>" and some oftheTh 
may exit the side face below the plane of the p-n junction. 9 

orJrf^'L^j* ,hat ^ P 0, y9 ona ' sha P« such as triangular or octagonal LEDs may be 

Smc tho . mVenti0n - 11 iS ' theref0re ' t0 be u " d erstood that within the scope of the appended 
claims the invention may be practiced otherwise than as specifically described. appenaea 

Claims 



1. A transparent light-emitting diode comprising: 
a back junction (17); 

55 a front electrical contact (1 6); and 

bodvti?- °l tra " Spa T ^'conductor between the back junction and the front electrical contact, the 
body being ,n the form of a polygonal base (11) surmounted by a truncated polygonal pyramid (13) 

2. A Hght-em.tt.ng diode according to claim 1 wherein the base is rectangular with side faces (H) 
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